ABSTRACT Background: The nutrient profile concept implies that it is possible to discriminate between foods according to their contribution to a healthy diet on the basis of their nutrient contents only. Objective: The objective was to test the compatibility between nutrient profiling and nutrient-based recommendations by using diet modeling with linear programming. Design: Food consumption data from the French ''Individuelle et Nationale sur les Consommations Alimentaires'' dietary survey and its associated food-composition database were used as input data. Each food was allocated to 1 of 4 classes, according to the SAIN, LIM system-a nutrient profiling system based on 2 independent scores, including a total of 8 basic plus 4 optional nutrients. The possibility to model diets fulfilling a set of 40 nutrient recommendations (healthy models) was tested by using foods from a given nutrient profile class only or from a combination of classes. The possibility to fulfill a set of nutrient constraints in contradiction with the recommendations (unhealthy models) was also tested. For each model, the feasible energy range was assessed by minimizing and maximizing total energy content. Results: With foods from the most favorable nutrient profile class, healthy diets could be modeled, but it was impossible to design unhealthy diets within a realistic range of energy intake with these foods. With foods from the least favorable class, unhealthy, but not healthy, diets could be designed. Both healthy and unhealthy diets could be designed with foods from intermediate classes.
INTRODUCTION
Consumers are increasingly relying on nutrition and health claims when they are trying to make healthy choices to balance their diet (1) . However, such claims generate positive beliefs and trust in foods bearing them (2) (3) (4) , even when the global nutritional quality of these foods is not adequate. To avoid such a situation and ensure consumer's protection, the European Commission (EC) has decided to regulate health claims based on the nutrient profile of each food, ie, a global estimation of its nutritional quality (5) . Only foods with a favorable nutrient profile will soon be allowed to bear nutrition or health claims in Europe.
According to the EC regulation no 1924/2006, nutrient profiles should classify individual foods according to their contribution to a healthy diet based on their content of key components (5) . However, it has not yet been proven that it is possible to predict the contribution of individual foods to global dietary quality based on their nutrient composition only. In addition to the complexity of developing and testing a system acceptable and applicable in the multicultural European context, the validation of the concept of nutrient profiles itself is, therefore, a critical scientific issue. It has been proposed to test nutrient profiles against expert opinion (6, 7) or against self-selected healthy diets (8, 9) . However, both expert opinion on healthy foods (10) and the food consumption patterns of healthy eaters (11) are influenced not only by nutritional characteristics of foods but also by individual, socioeconomic and cultural considerations. More objective external standards are therefore needed to validate nutrient profiles. Modeled diets could be useful for that purpose (12) because diet modeling techniques simulate food choices, rather than observe them, based on a set of a priori defined and purposefully selected constraints (13) .
The aim of the present study was to validate the nutrient profile concept by examining the consistency between nutrient profiling and nutrient-based recommendations. The possibility to model diets fulfilling a whole set of nutrient recommendations was tested by using foods from different nutrient profile classes, using the SAIN,LIM as an example of a nutrient profiling system (14) . This system, recently launched by the French Food Standard Agency (AFSSA), classifies foods into 4 nutrient profile classes. In accordance with the assumption underlying food-based dietary guidelines (15) (16) (17) , healthy diets were presently defined as diets fulfilling a whole set of nutritional recommendations, and the possibility to design them using foods from only a given nutrient profile class was tested. The possibility to design unhealthy diets (defined as diets fulfilling a set of nutrient constraints in contradiction with the recommendations) was also tested.
SUBJECTS AND METHODS

Dietary data and food-composition database
Seven-day food records from the cross-sectional Individuelle et Nationale sur les Consommations Alimentaires (INCA)-a dietary survey conducted in 1999 by the AFSSA in a nationally representative sample of 1985 French adults aged 15-92 y (18)-were used in the present study. After the exclusion of persons aged ,18 y and under-and overreporters on the basis of standard procedures (19) , the dietary data from 1258 participants (562 men and 696 women) were available for analysis. Drinking water, dietary beverages, tea, coffee, and salt (added at the table) were excluded from all analyses because they do not represent food sources of nutrients. Fortified foods were also excluded because it has been proposed that artificially added nutrients should not be taken into account when calculating nutrient profiles (14) . The nutritional composition of the remaining 613 foods was computed from the INCA food-composition database (20) , the Suvimax food-composition database (21), or other appropriate databases to complete them (22) (23) (24) (25) . The foods were categorized into 7 major food groups, as previously described (26) . The nutrient content of each food in the food database and the consumer intake distributions of foods and food groups were used as input data in the linear programming analysis described below.
Nutrient profiling of foods
The nutrient profile of each food in the database was calculated by using the nutrient profiling system recently proposed by the AFSSA (14) . This system is based on 2 previously published indicators: the Nutrient Density Score (NDS), based on qualifying nutrients (ie, positive nutrients), and the LIM score, based on disqualifying nutrients (ie, the nutrient to be limited) (26, 27) . Up to 23 different nutrients were included in previous versions of the NDS (26, 28) . In contrast, the nutrient density score developed by the AFSSA, which was named SAIN (score of nutritional adequacy of individual foods), included a limited number of nutrients. Their selection reflected a balance between the need to include nutrients of importance to public health, nutrients markers of key food categories and/or markers of the presence of other nutrients, and the need for a manageable number of nutrients in a field setting (14) .
The SAIN score was an unweighted arithmetic mean of the percentage adequacy for 5 positive nutrients (plus 1 optional nutrient). It was calculated for 100 kcal of food, as follows:
where nutrient ip is the quantity (g, mg, or lg) of positive nutrient p in 100 g of food i, RV p is the daily recommended value for nutrient p, and E i is the energy content of 100 g of food i (in kcal/100 g). The nutrients included in the SAIN were proteins, fiber, ascorbic acid, calcium, and iron.
In addition to these 5 basic nutrients, optional nutrients were also used, which differed according to the lipid contents of individual foods. For foods providing ,97% of their energy as lipids (n ¼ 598; ie, the vast majority of foods in our database), vitamin D was used as an optional nutrient. This means that the vitamin D ratio was calculated for each food by using the ratio ip algorithm and, when the vitamin D ratio was higher than the lowest ratio among the 5 basic ones, this lowest ratio was replaced by the vitamin D ratio in the SAIN i algorithm.
For foods providing .97% of their energy as lipids (n ¼ 15), 4 optional nutrients were used: vitamin D, vitamin E, a-linolenic acid, and monounsaturated fatty acids. The ratios calculated for these optional nutrients were compared with those obtained for the 5 basic nutrients, and up to 2 replacements were allowed between optional and basic nutrients in the SAIN i algorithm. Recent analysis performed by the AFSSA showed that, of 50,000 different random-generated nutrient density scores (ie, diverse combinations of various number and type of nutrients), the SAIN score was one of the most highly correlated with an important number of nutrients in foods, despite the relatively small number of nutrients it includes (14) .
The LIM score was the mean percentage of the maximal recommended values for 3 nutrients, the intakes of which should be limited in a healthy diet. The LIM score was calculated for 100 g of food as follows:
where nutrient il is the content (g, mg) of limited nutrient l in 100 g of food i, and MRV l is the daily maximal recommended value for nutrient l. The 3 limited nutrients were sodium, added sugars, and saturated fatty acids (SFAs). The LIM was multiplied by 2.5 for soft drinks.
The recommended values (RVs) and MRVs used to calculate each food's SAIN and LIM, respectively, are given in Table 1 .
These values are based on French (29) and European (30) nutritional recommendations. In particular, the MRV for SFAs and added sugars corresponded to 10% of 2000 kcal, ie, 22 and 50 g, respectively, and the MRV for sodium corresponded to a daily intake of 8 g NaCl (ie, 3153 mg Na). The RV for monounsaturated fatty acids corresponded to 20% of 2000 kcal, ie, 44 g. The 2000-kcal value was chosen as a reference for energy intake because it is close to the mean observed energy intakes in the French population (18) . Overall, the SAIN,LIM system was based on 8 basic nutrients (5 included in the SAIN plus 3 included in the LIM) plus 4 optional nutrients (in the SAIN only).
Threshold values were defined for each score
On the basis of a reference daily energy intake of 2000 kcal, the optimum value for the SAIN was 100% for 2000 kcal, which was equivalent to 5% for 100 kcal food. A SAIN value 5 indicated, therefore, a good nutrient density. Unlike the SAIN, the LIM was calculated for 100 g. Thus, the reference value used to derive the threshold value for the LIM score was based on food intake rather than on energy intake. Because the mean daily food intake (including solid foods only) observed in the French population was '1330 g/d (18), the maximal value for the LIM score was 100% for 1330 g, which was equivalent to 7.5% for 100 g food. A LIM value ,7.5 indicated, therefore, a low content of limited nutrients.
On the basis of its SAIN and LIM values and on the threshold defined for each score, each food was classified into 1 of 4 possible SAIN,LIM classes: class 1, SAIN 5 and LIM , 7.5; class 2, SAIN , 5 and LIM , 7.5; class 3, SAIN 5 and LIM 7.5; and class 4, SAIN , 5 and LIM 7.5. Class 1 included foods with the most favorable nutrient profile (high nutrient density and low content of limited nutrients), whereas class 4 included foods with the least favorable nutrient profile (low nutrient density and high content of limited nutrients). Foods from class 2 and class 3 were intermediate in terms of nutritional quality.
The allocation of each individual food to each SAIN,LIM class and the distribution of each food group within each class were assessed. In addition, the SAIN and LIM scores of the different foods were represented on a log-log plot showing their distribution among the 4 nutrient profile classes. When several foods were located in the same area of the graph (ie, they had a similar nutrient profile), only 1 or 2 foods could be shown. Frequently consumed foods (but not typically ''French'') were given priority, while trying to represent a maximum variety of foods from different categories. A total of 148 foods were finally displayed on the graph. When the calculated SAIN values were ,1, the final score was set equal to 1; when the calculated LIM values were ,0.1, the final score was set equal to 0.1. Calculated SAIN and LIM values .100 were set equal to 100.
Dietary modeling with linear programming
Linear programming for modeling human diets was described in detail elsewhere (31) . Starting from a list of foods of known nutritional composition, the aim was to select a combination of foods (ie, the modeled diet) that optimizes (minimizes or maximizes) a linear function (eg, the energy content of the modeled diet) while respecting a whole set of linear constraints on foods and nutrients. In the present study, diet modeling was used to simulate the effect of selecting foods according to their nutrient profiles on the possibility to eat healthily or unhealthily. Both ''healthy'' and ''unhealthy'' linear programming models were therefore developed.
In the ''healthy'' models, the nutritional quality of the modeled diets was achieved by a set of 40 constraints on macro-and micronutrients based on European recommendations (30) and on mean French recommendations for men and women (29) ( Table  2) . For positive nutrients, minimal constraints were set at the level of the Recommended Dietary Allowances. Maximal constraints were included when needed, based on known safety levels of intakes for some nutrients. Constraints on nutrients whose intakes should be limited in a healthy diet (ie, total lipids, SFAs, total sugars, added sugars, sodium, and cholesterol) were also included to ensure that the modeled ''healthy'' diets will not exceed the maximal limits recommended for these nutrients.
In contrast, in the ''unhealthy'' models, the nutritional constraints were introduced to ensure that the modeled diets had a low content of essential nutrients and a high content of total lipids, SFAs, total sugars, added sugars, sodium, and cholesterol (Table 2 ). Unbalanced modeled diets were obtained by inverting the sign of the constraints in the unhealthy compared with the healthy models, and, for fiber, essential fatty acids, and micronutrients by setting the maximum at 77% of the Recommended Dietary Allowance (ie, approximately the level of the Estimated Average Requirements). In both healthy and unhealthy models, the realism and social acceptability of the modeled diets were achieved by the same set of constraints on food and food group's weights (in g) to ensure that the inclusion of any one food and food group could not exceed the 99th percentile limit of the corresponding consumer intake distribution.
The effect of selecting foods according to their SAIN,LIM profiles on the possibility to fulfill the nutrient constraints introduced in the healthy and unhealthy models was tested by designing models that differed by the list of foods allowed to be included in the modeled diets (ie, their food variables). Depending on the model, the food access was restricted to one SAIN,LIM class only or to one of all the possible combinations of the 4 classes, leading to a total of 15 models (4 single models 1 11 combination models) for each set of nutritional constraints, ie, 15 healthy models and 15 unhealthy models. Each model was named by the type of SAIN,LIM class allowed for the food variables. Unfeasible models were first identified. Then, for each feasible model, 2 objective functions were run-energy minimization and maximization-to assess the minimal energy needed to fulfill the constraints and the maximal energy achievable while fulfilling them, respectively. These theoretical energy bounds were compared with the mean observed energy intake in the general population (ie, 2000 kcal, or 8.3 MJ/d). In addition, the energy contributed by each SAIN,LIM class in each feasible combination model was assessed.
Given that the input data were based on 7-d food records, both the nutritional and acceptability constraints were expressed for 1 wk, leading to weekly modeled diets. However, to facilitate the interpretation of figures and tables, the data were recalculated on a daily basis and presented as such.
Sensitivity analysis
To test the robustness of the results and to what extent they were affected by the assumptions of the modeling, a sensitivity analysis was performed in which the number of nutritional constraints was decreased and the constraints on food and food group's weights were strengthened.
The nutritional constraints responsible for model unfeasibility were identified at first for each unfeasible model. Then, the removal of these ''problematic'' constraints was tested for each unfeasible model. When .3 nutritional constraints were problematic, the removal of all possible combinations of 3 of these constraints was tested in separate models. To test the specific effect of social acceptability constraints, the maximum limits on food and food group's weights were reduced to the 95th percentile instead of the 99th percentile of consumer intake distribution. The SAS system version 9.1. (SAS Institute, Cary, NC) was used for all analyses, including linear programming analysis (simplex algorithm of the Operational Research product).
RESULTS
Classification of foods with the SAIN,LIM system
A graphic representation of the classification of selected foods (n ¼ 148) with the SAIN,LIM system is shown Figure 1 . Consistent with the known negative relation between nutrient density and energy density and the positive relation between LIM and energy density (27) (28) , an inverse relation was found between SAIN and LIM scores (for n ¼ 613 foods in the database, R ¼ 20.32, P , 0.05; data not shown). Most foods were therefore classified either in class 1 or in class 4, with each of these classes representing 36% of the foods in the database ( Table 3 ). The remaining foods were mainly found in class 3 (20% of the foods in the database), whereas a limited number of foods (8%) were in class 2. The distribution of foods from each food group within each SAIN,LIM class is shown in Table  3 . Most (80%) of fruit and vegetables were in class 1, whereas almost all foods (88%) from the sweets and salted snacks group were in class 4. Class 1 also included 50% of foods from the meat/fish/poultry/eggs group and 40% of foods from the starches and grains group, whereas class 3 included 50% of foods from the dairy products group and 50% of foods from the added fats and condiments group. A more detailed examination of this classification indicated the following: 1) Class 1 included not only fruit and vegetables, but eggs; milk (including plain milk); low-fat, low-sugar dairy products; 70% of fish and shellfish, and most unrefined starches and grains (eg, potatoes, legumes, and whole-meal bread). 2) Class 2 included most refined cereals, including white bread, together with some cereal-based products containing reasonable amounts of SFAs, sugar, and salt (such as gingerbread), together with some processed fruit, dried fruit, and nuts (eg, fruit juices, canned fruit in syrup, dates, raisins, and almonds). 3) Class 3 included most cheeses (66%), some deli meats (eg, pâté and ham), salted, and/or smoked fatty fishes, meats with an intermediate fat content, and most vegetable oils. 4) Class 4 included not only sweets and salted snacks, but animal fats, soft drinks, 33% of cheeses, the vast majority (87%) of deli meats, fatty meats, and fresh dairy products with a high content of fats and/or added sugars. Most nuts were also in class 4, together with olive and peanut oils. Feasibility of the healthy and unhealthy models depending on nutrient profiling classes Among the single healthy models (access to one class of foods only), the only feasible model was model 1 (Figure 2A ). This indicated that it was feasible to fulfill the whole set of nutrient recommendations included in the healthy models when food access was restricted to class 1 foods, but this was not mathematically feasible when food access was restricted to either class 2, or class 3, or class 4. It logically followed from this observation that all healthy models allowing access to class 1 foods were feasible. Compared with the healthy model 1, allowing additional access to foods from other SAIN,LIM classes had little effect on the minimal energy required to fulfill the nutritional constraints, but it increased the maximal energy that could be achieved while respecting them (Table 4) . When access to class 1 foods was not allowed, healthy models were generally not feasible. The only possible way to design a healthy diet without class 1 foods was to allow access to both class 2 and class 3 foods (ie, models 2 and 3). However, by restricting access to those foods, it was also possible to obtain an unhealthy diet within a realistic energy range.
Among the unhealthy models, the only unfeasible one was model 2 ( Figure 2B ). The minimal energy needed to fulfill the nutritional constraints included in the unhealthy models was always very low, but the maximal energy achievable was also lower than that with the corresponding healthy models. An unhealthy solution was feasible when food access was restricted to class 1. However, this was purely theoretical because the feasible energy range of unhealthy model 1 was 601-850 kcal. The maximal energy attainable was also low (ie, lower than the average energy intake) when class 3 foods only were accessible or when class 1 foods could be combined either with foods from class 2 or from class 3. In contrast, when class 4 foods were accessible, either alone or in combination with foods from other classes, the unhealthy models were always feasible within large energy ranges.
Relative contribution of nutrient profile classes to healthy and unhealthy modeled diets
In the healthy models minimized on energy that allowed access to class 1 plus other classes, the energy was always primarily provided by class 1 (Table 4) . However, some foods from other classes were also selected. In particular, some class 4 foods such as canned apple sauce and walnuts were included in these diets (data not shown). Some foods from class 2 (low-sugar apple sauce and white rice) and class 3 (walnut oil and grapefruit with syrup) were also present in these healthy diets.
A more important number of foods from class 2 and class 3 were included in the feasible healthy models that did not allow access to class 1 foods. To maximize energy, the healthy models that had access to class 1 generally decreased the proportion of energy contributed by that class and increased that contributed by other accessible classes, class 4 in particular (Table 4 ).
In the unhealthy models maximized on energy, energy was always primarily provided by class 4 foods when access to these foods was allowed together with other classes of foods (Table 4 ). In contrast, the percentage of energy provided by class 1 foods was negligible (1%) when access to class 4 was allowed and it was still the lowest when access to class 4 was not allowed. The energy provided by class 2 was also negligible when access to class 4 was allowed, but it was the highest when access to class 4 was not allowed.
Robustness of the results
The constraints that made some models unfeasible are shown in Table 5 , together with the new results obtained when a maximum of 3 of these problematic constraints were removed at the same time. Depending on the models, it was not always the same constraints that made the models unfeasible. In addition, when there were only a few problematic constraints, they were often related to nutrients known to have strong public health relevance, such as vitamin C, vitamin D, or calcium. In most cases, the removal of 3 constraints did not make previously unfeasible models feasible, or, when they made them feasible, the new energy range did not include the 2000-kcal reference point.
Strengthening social acceptability constraints, ie, limiting food and food group's weights by the 95th percentile instead of the 99th percentile did not dramatically change the results (data not shown). The main difference was that it became totally impossible to design an unhealthy diet when food access was restricted to class 1 foods. The other difference was that the maximal energy reachable when only class 3 foods were accessible (or when class 1 foods could be combined either with foods from class 2 or from class 3), was lower when using the 95th instead of the 99th percentile limit. All together, this sensitivity analysis showed that feasibility and energy ranges were not dramatically affected by the assumptions of the modeling. 
DISCUSSION
The present results provide scientific validation of the concept of nutrient profiles because they showed that it is possible, on the basis of the content of individual foods in some key nutrients, to identify a class of foods the consumption of which is both compatible with healthy eating and incompatible with unhealthy eating (5). It is often considered that there is an inherent difficulty in applying to individual foods nutrient recommendations intended for the overall diet (32) . However, the present study showed that diets fulfilling a whole set of nutrient recommendations could be modeled by using foods with the most favorable nutrient profile only (ie, class 1 foods in the present study), whereas it was impossible to design a totally unbalanced diet with these foods. This indicates that the concept of an individual food's nutrient profile is fully compatible with that of global nutritional balance.
Recommendations on how to determine the nutritional profile of a given food and its eligibility to food claims have been specified by the European Food Safety Authority (EFSA) (32) . The SAIN,LIM system complies with most of them. In particular, it is applicable to all foods (ie, it is an across-the-board system), with some exemptions from the general profile, namely soft drinks and foods providing .97% of their energy as lipids. It is therefore coherent with the EFSA preference for mix systems to overcome the main disadvantages of both acrossthe-board-and category-based schemes. Also, the SAIN,LIM system is based on 2 independent scores. The SAIN synthesizes the healthy aspects of foods, whereas the LIM is based on the unhealthy aspects of foods. To keep information fully available, and in accordance with the position of the EFSA expert panel (32) , there is no compensation between the SAIN and the LIM scores.
The AFSSA proposition was to establish a distinction between eligibility to health claims and to nutrition claims: class 1 foods (high SAIN, low LIM) would be eligible to both health and nutrition claims, class 2 foods (low SAIN, low LIM) would be eligible to nutrition claims only, and class 3 or class 4 foods (ie, high LIM) would be ineligible to bear neither a nutrition nor a health claim (14) . Indeed, in view of the present results, it seems reasonable to allow access to health claims to class 1 foods only because, among the 4 nutrient profile classes, it was the only one with which it was both feasible to eat healthily and unfeasible to eat unhealthily (within a realistic energy range). Class 2 also presented interesting characteristics, because it was impossible to design an unhealthy diet with it. However, it was also impossible to design a healthy diet with class 2 foods, unless they were combined with foods from class 1 or class 3. Finally, class 3 and class 4 shared similar properties in terms of model feasibility. In fact, with those classes-be they considered separately or together-it was possible to design unhealthy diets only, unless they were combined with foods from class 1 and/or class 2. It therefore seems logical to combine them and consider all the foods they include as ineligible ones. More generally speaking, this suggests that the decision to ban a food from any claim could be based on the negative aspects of this food only, whereas the decision to allow it to bear a health claim should take into account both the positive and the negative aspects of this food. Previous studies intended to validate nutrient profiles were based on the analysis of self-selected diets (8, 11) . They found that nutrient profiles were positively associated with indexes of diet quality. However, in one study, unhealthy eating was associated with a higher intake of unhealthy foods, but not with a lower intake of healthy foods (8) . In another study, an important proportion of foods was classified differently by the global dietary approach and the nutrient profiling approach (9) . Such discrepancies were attributed to positive associations between the consumption of healthy and unhealthy foods, for reasons not necessarily related to nutrition, but rather to food intake patterns associated with individual preferences and specific cultural backgrounds. Unlike self-selected diets, modeled diets are not subject to such influences (12) . More specifically, in the present study, the possibility to design different models according to the list of allowed food variables provided a unique opportunity to make a clear distinction between different nutrient profile classes depending on their contribution to global nutritional adequacy. This does not imply, however, that it is possible to definitively classify foods as ''good'' or ''bad.'' Thus, class 1 foods were almost, but not totally, strictly needed to eat healthily, and class 4 foods were almost, but not totally, strictly needed to eat unhealthily. Interestingly, when foods from intermediate class 2 and class 3 only were allowed, both healthy and unhealthy eating were feasible. In addition, when access to a combination of classes was allowed, class 1 foods were not the only ones to be selected in healthy diets, and class 4 foods were not the only ones to be selected in unhealthy diets. This confirms the general opinion that many foods can be included in both healthy and unhealthy diets depending on portion sizes and on the nutritional context of the global diet.
The limitations of the present study must be noted. First, the use of a generic food-composition table could be considered irrelevant because nutrient profiles are intended to be implemented on real food products (ie, foods that can be found on the market). However, only a generic table could provide the nutritional information needed to include a large number of nutritional constraints in the models. This latter point was crucial to demonstrate that, based on few key nutrients (in this study: the 8 basic plus the 4 optional nutrients of the SAIN,LIM system), it is possible to predict the ability of a given food to facilitate-or to impair-the fulfillment of a large number of nutrient recommendations (in this study: the 40 nutritional constraints included in the models). Another limitation is that the definition of healthy eating used in the present study, ie, the fulfillment of a whole set of nutritional recommendations, has not been validated against health outcomes. However, taken separately, these values are generally based on health outcomes and are designed not only to avoid nutrient deficiencies, but also to promote long-term health (29) . The use of a modeling approach in itself could also be viewed as a limitation because it implies that the results are directly dependent on the choice of the models. Making knowledgeable decisions and justified assumptions when designing models and testing model robustness, as we did, could limit this bias. The relevance of results also provides a reassurance of model quality. Another limitation was the probable lack of realism of the modeled diets, because the objective function minimized or maximized energy and because social acceptability constraints were not very stringent, therefore allowing the possibility to design diets that could be quite different from existing diets in the French population and that could have a low dietary diversity. More refined models will be developed in future studies to design realistic diets, taking into account population food patterns (13) and even individual preferences (33) .
Diet modeling with linear programming is a valuable tool, in association with other tools, to validate nutrient profiles. Specifically, it can simulate food choices on the sole basis of a food's nutrient content and nutrient recommendations. In the present study, it was used to validate the nutrient profile's concept itself, but it could be adapted to test the properties and possible unwanted side effects of a given system in the context of realistic diets. For instance, careful examination of the food content of modeled diets could help identify misclassified foods or food categories, thereby providing justification for exemptions or derogations. It could also be used to compare the performances of different systems. For instance, comparison of the energy ranges needed to fulfill healthy or unhealthy constraints could be a way of ranking the systems according to their degree of severity. Besides their application in the context of a food's claims, it has been proposed to use nutrient profiles as regulatory tools to restrict food marketing to children (34) , to implement fiscal food policies (35) , to ban certain products from vending machines, and to decide when to allow food fortification. In that connection, diet modeling could help decide which nutrient profiling system is best suited for a given aim, because different aims may require different systems.
It is the aim of the EC regulation no 1924/2006 to promote healthy eating in consumers whose food choices are influenced by nutrition and health claims. Accordingly, the present results suggest that the exclusive consumption of foods eligible to such claims is compatible with nutritional adequacy. However, they also suggest that it is illusive to think that foods could be definitively classified as ''good'' or ''bad,'' and that the nutrient profile approach could gain consistency by considering separately the positive and negative aspects of each food.
